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1RPHQFODWXUH
$670  $PHULFDQ6RFLHW\IRU7HVWLQJDQG0DWHULDOV
&$,  &RPSUHVVLRQ$IWHU,PSDFW
&)53  &DUERQ)LEHU5HLQIRUFHG3RO\PHU
&/&  &RPELQHG/RDGLQJ&RPSUHVVLRQ
E   (QHUJ\
absorbedE  $EVRUEHGHQHUJ\
actualE   $FWXDOHQHUJ\
residualE 5HVLGXDOHQHUJ\
m   0DVV
g   *UDYLWDWLRQDODFFHOHUDWLRQ
l   $WWDFKPHQWOHQJWK
Į   $QJOHRIGHFOLYLW\
ı   &RPSUHVVLYHUHVLGXDOVWUHQJWK
maxı   0D[LPXPFRPSUHVVLYHUHVLGXDOVWUHQJWK
meanı   0HDQFRPSUHVVLYHUHVLGXDOVWUHQJWK
6G'HY 6WDQGDUGGHYLDWLRQ
&9 &RHIILFLHQWRIYDULDWLRQ
L   $SSOLHG/RDG
maxL   0D[LPXPDSSOLHGORDG
A   &URVVVHFWLRQDO$UHD
xİ   /RQJLWXGLQDOVWUDLQVPHDVXUHGE\VWUDLQJDXJHQ[
meanE   0D[LPXPYDOXHRIORQJLWXGLQDO<RXQJ0RGXOXV
'(9  3HUFHQWDJHYDULDWLRQRIDPHDQYDOXHWRDUHIHUHQFHYDOXH

,QWURGXFWLRQ
,QWKHODVWWZHQW\\HDUVWKHSXUVXLWWRSURGXFHOLJKWHUVWUXFWXUHVKDVOHGWKHDHURQDXWLFDOLQGXVWU\WRDQLQFUHDVHG
XVHRI FRPSRVLWHPDWHULDOVPRVWO\ FDUERQ ILEUH UHLQIRUFHGSRO\PHUV &)537KH$LUEXV$;:% LVEXLOW RI
&)53LQFOXGLQJZLQJVSDUVDQGIXVHODJHFRPSRQHQWVZKLOHWKH%RHLQJ'UHDPOLQHUKDVDRIZHLJKW
)XUWKHUPRUHWKH$LUEXV$LVRQHRIWKHILUVWFRPPHUFLDODLUOLQHUWRKDYHDFHQWUDOZLQJER[PDGHRI&)53ZLWK
DVPRRWKO\FRQWRXUHGZLQJFURVVVHFWLRQLQVWHDGRIWKHZLQJVEHLQJSDUWLWLRQHGVSDQZLVHLQWRVHFWLRQVRSWLPLVLQJ
WKHDHURG\QDPLFHIILFLHQF\
7RHQVXUHWKHVDIHW\RIWKHVHVWUXFWXUHVLWLVLPSHUDWLYHWRXQGHUVWDQGWKHLUIDWLJXHEHKDYLRXU7KHFKDOOHQJLQJ
UHTXLUHPHQWVVHWRQQHZIXOOFRPSRVLWHDHURQDXWLFDOVWUXFWXUHVDUHPRVWO\UHODWHG WR WKHGHPRQVWUDWLRQRIGDPDJH
WROHUDQFH FDSDELOLW\RI WKHLUSULPDU\ VWUXFWXUHV UHTXLUHGE\ WKH DLUZRUWKLQHVVERGLHV$QGZKLOH FRPSRVLWHPDGH
VWUXFWXUHVLQKHUHQWO\GHPRQVWUDWHH[FHSWLRQDOIDWLJXHSURSHUWLHVZKHQSXWLQUHDOOLIHZRUNLQJFRQGLWLRQVDQXPEHU
RI H[WHUQDO IDFWRUV FDQ OHDG WR LPSDFW GDPDJHV WKXV UHGXFLQJ GUDVWLFDOO\ WKHLU IDWLJXH UHVLVWDQFH GXH WR ILEUH
GHODPLQDWLRQGLVERQGLQJRUEUHDNLQJ
)RUFRPSRVLWHVWUXFWXUHDHURQDXWLFDOOHJLVODWLRQVDIILUPWKDWDLUFUDIWFRQVWUXFWRUVKDYHWRDSSO\DIDFWRURIVDIHW\
KLJKHU WKDQ WKDWXVHG IRUPHWDOOLFRQHV7KLVEHFDXVHFRPSRVLWHVGRHVQRWVDWLVI\FUDFNJURZWKSULQFLSOHXVHG IRU
PHWDOOLFVWUXFWXUHVWKXVOHJLVODWLRQVUHTXLUHWKDWFRPSRVLWHVWUXFWXUHVKDYHWRVDWLVI\³QRJURZWK´SULQFLSOH>@7KH
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IDWLJXHWHVWVDQGDQDO\VHVQHHGWRVKRZWKLVFRQFHSWZKLFKUHTXLUHVQRLQLWLDWLRQRIQHZGDPDJHDQGQRJURZWKRI
H[LVWLQJ GDPDJHV ,PSDFW WHVWV DUH FDUULHG RXW LQ RUGHU WR HVWDEOLVK WKH EHKDYLRXU RI D FRPSRVLWH VWUXFWXUHZKHQ
VXEMHFWHGWRWKHVHLPSDFWORDGVDQGWRGHWHUPLQHWKHVHYHULW\RIWKHLPSDFWEDVHGRQGLIIHUHQWLPSDFWSRVLWLRQVDQG
HQHUJLHV
1.1. Impact damages 
,QUHDOFRQGLWLRQVWKHUHDUHPDQ\IDFWRUVWKDWLQIOXHQFHGFRPSRVLWHV¶FKDUDFWHULVWLFVDQGWKHVHKDYHWREHWDNHQ
LQWR DFFRXQW LQ GHVLJQ WR VDWLVI\ DHURQDXWLFDO OHJLVODWLRQV 7KHVH IDFWRUV DUH KXPLGLW\ RSHUDWLQJ WHPSHUDWXUH
LPSDFWV2EYLRXVO\WKHODVWRQHKDVPRUHHYLGHQWHIIHFWVWKDQWKHRWKHUV
,PSDFWGDPDJHVFDQEHFODVVLILHGRQWKHEDVLVRIWKHLUGHWHFWDELOLW\RQVWUXFWXUHV¶VXUIDFHV


)LJXUH'DPDJHVL]HWRORDGDSSOLHG>@
7KHPRVWGDQJHURXVGDPDJHVDUHFHUWDLQO\ WKDWFRPPRQO\NQRZQDV%9,'%DUHO\9LVLEOH,PSDFW'DPDJHV
7KH\DUHQRWGHWHFWDEOHZLWKD VLPSOHYLVLEOH LQVSHFWLRQ ZLWKRXWNQRZLQJ WKHH[DFW ORFDWLRQRI LPSDFW'HVSLWH
WKDW WKH UHVXOWLQJ LQQHU GDPDJH FRXOG EH VR ZLGHVSUHDG WR FDXVH D KLJK UHGXFWLRQ RI VWUXFWXUH PHFKDQLFDO
FKDUDFWHULVWLFV
7KLVNLQGRIGDPDJHFRXOGHQVXH IURPLQFLGHQWVGXULQJRSHUDWLYH OLIHRUPDLQWHQDQFH HJ OLWWOHGHEULVRQ WKH
ODQGLQJILHOGFUDVKLQWRYHKLFOHE\ZKHHOVRUKLJKPDVVREMHFWVIHOWIURPOLWWOHKHLJKWOLNHPDLQWHQDQFHRUDVVHPEO\
WRROV>@
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,QOLWHUDWXUHWKHUHDUHPDQ\VWXGLHVDERXWLPSDFWVDFFRUGLQJWR$670''0>@FHQWUDOLPSDFWV
RQIODWVSHFLPHQV7KHUHDUHIHZLQVWHDGVWXGLHVDERXWVLGHLPSDFWQHDUHGJHRURQHGJHLPSDFW>@LQFOXVLYH
RIVWXGLHVRQJODVVILEHU>@
$ VLGH LPSDFW UHSUHVHQW WKH ZRUVW FRQGLWLRQ EHFDXVH WKHUH LV OHVV PDWHULDO DURXQG WKH LPSDFW ORFDWLRQ
FRQWULEXWLQJWRWKHLPSDFWRSSRVLWLRQ7KLVNLQGRILPSDFWLVWKHPRVWSUREDEOHHYHQWLQDYHKLFOHRSHUDWLQJOLIHEHDU
LQPLQGQXPHURXVFXWRXWVLQWKHIXVHODJH
$QRWGHWHFWDEOHLPSDFWGDPDJHWKURXJKWKLFNQHVVRIWKHVWUXFWXUHFRXOGEULQJWRVXGGHQDQGFDWDVWURSKLFIDLOXUH
7KHUHIRUHLWLVYHU\LPSRUWDQWWRXQGHUVWDQGLPSDFWLQIOXHQFHRQPDWHULDOFKDUDFWHULVWLFV
0RUHRYHU GDPDJH VL]H GHSHQGV RQ PDQ\ IDFWRUV LPSDFW HQHUJ\ WHPSHUDWXUH VWDFNLQJ VHTXHQFH ODPLQDWH
WKLFNQHVVDJLQJHWF>@(YHU\RQHRIWKHPKDVWREHDQDO\VHGVHSDUDWHO\WRHYDOXDWHWKHLULQIOXHQFHRQPDWHULDO
PHFKDQLFDO SURSHUWLHV ,Q WKLV SDSHU LV H[SODLQHG WKH H[SHULPHQWDO FDPSDLJQ GRQH WR XQGHUVWDQG LQIOXHQFH RI
GLIIHUHQWLPSDFWHQHUJLHVRQFRPSUHVVLRQUHVLGXDOVWUHQJWKRIDFDUERQHSR[\ODPLQDWH
([SHULPHQWDO
2.1. Specimens 
7ZHQW\VL[VSHFLPHQVZHUHFXWIURPD[PPODPLQDWHRIFDUERQHSR[\FRPSRVLWH>@
'LPHQVLRQVZHUHDFFRUGLQJWRFRPSUHVVLRQWHVWIL[WXUHXVHGIRU&$,&RPSUHVVLRQ$IWHU,PSDFW>@WHVWVLWLV
WKH&/&&RPELQHG/RDGLQJ&RPSUHVVLRQWHVWIL[WXUH>@
/HQJWK ZDV FKRVHQ ZLWK UHIHUHQFH WR XQWDEEHG VSHFLPHQV PP ZLGWK ZDV FKRVHQ DV WKH DOORZDEOH
PD[LPXPYDOXH PP FRPSDWLEOHZLWK&/&7HVW)L[WXUH VWUXFWXUDO IHDWXUHV7KHUH LVQR OLPLWV IRU VSHFLPHQV
WKLFNQHVVH[FHSWIRUQHFHVVLW\RIDYRLGFRXSRQVEXFNOLQJ,WZDVFKRVHQDSOLHVVWDFNLQJVHTXHQFH> 
@VUHVXOWLQJLQDPHDQFRXSRQVWKLFNQHVVRIPP
2.2. Impact tests 
6SHFLPHQVKDGEHHQGLYLGHGLQWRGLIIHUHQWJURXSVHYHU\RQHFKDUDFWHUL]HGE\GLIIHUHQWNLQGRILPSDFWWHVW
WDE
7DEOH,PSDFWNLQGH[HFXWHGRQVSHFLPHQ
*URXS ,PSDFWNLQG (QHUJ\
$ 1RLPSDFW 
% QHDUHGJH -
& QHDUHGJH -
' FHQWUDO -
( FHQWUDO -

,PSDFWWHVWVZHUHSHUIRUPHGZLWKD&KDUS\SHQGXOXPLWKDGEHHQPRGLILHGWRREWDLQQRUPDOLPSDFWFRPSDUDEOH
ZLWK'URSZHLJKWWHVW>@
7KHVZLQJLQJPDVV LVDVWHHOF\OLQGHUZLWKDPPKHPLVSKHULFDO LPSDFWRU ,PSDFW WDNHVSODFHZKHQ WKHPDVV
DWWDFKPHQWLVSHUSHQGLFXODUWRJURXQGVXUIDFHPHDQZKLOHWKHLPSDFWGLUHFWLRQLVQRUPDOWRWKHFRXSRQVXUIDFH
'XULQJLPSDFWWHVWVSHFLPHQLVERQGHGLQDVSHFLILFIL[WXUHWKDWDOORZWRNHHSLWLQSRVLWLRQDQGWRVHWWOHLPSDFW
ORFDWLRQ)RUQHDUHGJH LPSDFW D GLVWDQFHRIPP IURPHGJHZDV FKRVHQZKLOH IRU FHQWUDO WHVWV KHPLVSKHULFDO
LPSDFWRUKDVEHHQVHWWOHGWRLPSDFWDWWKHKDOIZD\ZLGWK
,QERWK WHVWV LPSDFWV WDNHSODFH LQPLGGOHRI VSHFLPHQ OHQJWK LQRUGHU WRKDYH WKH LPSDFW LQGHQWDWLRQ LQ WKH
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FHQWUHRI&/&JDJHVHFWLRQXQWLHGVHFWLRQ
(YHU\VLQJOHLPSDFWZDVILOPHGZLWKDFDPHUDWRHYDOXDWHUHDOUHOHDVHDQJOHRIWKHPDVVDQGWKHDFWXDOUHERXQG
DQJOH7KHUHIRUHUHDOLPSDFWHQHUJ\DQGDFWXDOUHERXQGHQHUJ\ZHUHFDOFXODWHGWKDQNVWR

 FRVD E mg l l   

ZKHUH E   LV HQHUJ\ m LPSDFWDWRU PDVV g JUDYLWDWLRQDO DFFHOHUDWLRQ l OHQJWK RI WKH PDVV DWWDFKPHQW DQGD
DFWXDODQJOH

)LJXUH6FKHPDWLVHG&KDUS\SHQGXOXVRSHUDWLRQ
7DEOH(QHUJLHVRILPSDFWV

6SHFLPHQ $FWXDOHQHUJ\>-@ 5HVLGXDOHQHUJ\>-@ $EVRUEHGHQHUJ\>-@
%   
%   
%   
%   
%   
&   
&   
&   
&   
&   
'   
'   
'   
'   
'   
(   
(   
(   
(   
(   

'XHWRWKHVHGDWDLWZDVSRVVLEOHWRFDOFXODWHWKHHQHUJ\DEVRUEHGE\VSHFLPHQV
176   M.P. Falaschetti et al. /  Procedia Engineering  109 ( 2015 )  171 – 180 

 absorbed actual residualE E E   

ZKHUH absorbedE LV WKH HQHUJ\ DEVRUEHG E\ PDWHULDO actualE LV DFWXDO LPSDFW HQHUJ\ DQG residualE LV LPSDFWDWRU
UHVLGXDOHQHUJ\
+HQFHHYHU\VLQJOHWHVWKDGEHHQH[DPLQHGDQGGDWDLQ7DEOHZHUHREWDLQHG
7KHUHIRUHLPSDFWHGVSHFLPHQVZHUHYLVXDOO\LQVSHFWHGLQRUGHUWRSLQSRLQWLPSDFWHGORFDWLRQ
2.3. CAI tests 
&RPSUHVVLRQ $IWHU ,PSDFW &$, WHVWV ZHUH SHUIRUPHG ZLWK D &/& &RPELQHG /RDGLQJ &RPSUHVVLRQ 7HVW
)L[WXUHDVGHVFULEHGLQ$670''0>@7KLV WHVWPHWKRGSUHVHQWVVRPHDGYDQWDJHVFRPSDUHGWR
RWKHUFRPSRVLWHPDWHULDOVFRPSUHVVLRQWHVWIL[WXUHV>@
x VPDOODQGOLWWOHFRPSOH[WHVWIL[WXUHVLPSOLILHVWHVWVHVSHFLDOO\QRWURRPWHPSHUDWXUHRQHV
x FRPELQHGORDGDOORZVWRWHVWXQWDEEHGVWUDLJKWVLGHGVSHFLPHQVDYRLGLQJKLJKVWUHVVFRQFHQWUDWLRQV
x VLPSOHWHVWPHWKRGDOORZVUHSHDWDEOHUHVXOWV


)LJXUH([DPSOHVRI%9,'GXHWRDFHQWUDOLPSDFWRQWKHOHIWDQGDQHDUHGJHLPSDFWRQWKHULJKW
7KH H[SHULPHQWDO WHVWV ZHUH FRQGXFWHG DW DPELHQW ODERUDWRU\ FRQGLWLRQV XVLQJ DQ 076 HOHFWURK\GUDXOLF
XQLYHUVDO WHVWLQJ PDFKLQH HTXLSSHG ZLWK DQ 076  N1 ORDG FHOO $OO WHVWV ZHUH SHUIRUPHG DW D FRQVWDQW
GLVSODFHPHQW UDWH RI  PPPLQ ZKLOH WKH GDWD ZHUH DFTXLUHG DW D UDWH RI  VDPSOHVV DQG SURFHVVHG LQ
DFFRUGDQFHZLWKWKH$670VWDQGDUG


)LJXUH6SHFLPHQVHWLQ&/&WHVWIL[WXUHRQ076PDFKLQH
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(YHU\VSHFLPHQUHVLGXDOFRPSUHVVLYHVWUHQJWKKDVEHHQFDOFXODWHGZLWK

ı  L
A
  

ZKHUH ı LV UHVLGXDO FRPSUHVVLRQ VWUHQJWK L LV WKHPD[LPXP ORDG DSSOLHG A LV WKH FURVVVHFWLRQDO DUHD RI WKH
VSHFLPHQ5HVXOWVDUHVXPPDUL]HGLQ7DE
7DEOHCompressive test results of A samples. 

6SHFLPHQV &URVVVHFWLRQDODUHD>PP@
0D[LPXPORDG
>1@
Vmax 
>03D@
$   
$   
$   
$   
$   
$   
  Vmean >03D@ 
6G'HY>03D@ 
  &9>@ 
7DEOHCompressive test results of B samples
6SHFLPHQV &URVVVHFWLRQDODUHD>PP@
0D[LPXPORDG
>1@
Vmax 
>03D@
%   
%   
%   
%   
%   
  Vmean >03D@ 
6G'HY>03D@ 
  &9>@ 
7DEOHCompressive test results of C samples
6SHFLPHQV &URVVVHFWLRQDODUHD>PP@
0D[LPXPORDG
>1@
Vmax 
>03D@
&   
&   
&   
&   
&   
  Vmean >03D@ 
6G'HY>03D@ 
  &9>@ 
7DEOHCompressive test results of D samples
6SHFLPHQV &URVVVHFWLRQDODUHD>PP@
0D[LPXPORDG
>1@
Vmax 
>03D@
'   
'   
'   
'   
'   
  Vmean >03D@ 
6G'HY>03D@ 
  &9>@ 

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2QO\RQHQRWLPSDFWHGVSHFLPHQZDVLQVWUXPHQWHGZLWKWZRORQJLWXGLQDOVWUDLQJDXJHVLQFRQILJXUDWLRQEDFNWR
EDFN$:KHDWVWRQHEULGJHV\VWHPLQKDOIEULGJHFRQILJXUDWLRQZDVXVHGIRUVWUDLQPHDVXUHPHQWV
7KHVWUDLQJDXJHFRQILJXUDWLRQDOORZVWKHGHWHUPLQDWLRQRIVDPSOHEHQGLQJGXULQJWKHWHVWWLPHE\PHDQVRIWKH
IROORZLQJIDFWRU

> @  
 
İ İ
%HQGLQJ  
İ İ

 

  

ZKHUH İ DQG İ DUHWKHORQJLWXGLQDOVWUDLQVPHDVXUHGE\WKHWZRVWUDLQJDXJHV>@
7DEOH&RPSUHVVLYHWHVWUHVXOWVRI(VDPSOHV
6SHFLPHQV &URVVVHFWLRQDODUHD>PP@
0D[LPXPORDG
>1@
Vmax 
>03D@
(   
(   
(   
(   
(   
  Vmean >03D@ 
6G'HY>03D@ 
  &9>@ 

7KHSHUFHQWEHQGLQJDVFDOFXODWHGLQHTSURYLGHVDUHDVRQDEOHLQGLFDWLRQRI(XOHUEXFNOLQJ>@)DLOXUHDQG
PLGSRLQWEHQGLQJDUHUHSRUWHGLQ7DEDVUHTXHVWHGE\$670'7KHODWWHULVGHWHUPLQHGDWWKHPLGSRLQWRI
WKHVWUDLQUDQJHXVHGIRUFKRUGPRGXOXVFDOFXODWLRQV>@
7DEOH&RPSUHVVLYHWHVWUHVXOWVRI$VDPSOH

maxL >1@ maxı >03D@ meanE >*3D@ %HQGLQJIDLOXUH %HQGLQJİ
    

,QWKHIROORZLQJ)LJDQGDUHVKRZHGSORWVREWDLQHGIURP$VDPSOHFRPSUHVVLYHWHVW)LJVKRZVWKDWWKH
EHQGLQJRIWKHVDPSOHLVOLPLWHGXSWRIDLOXUH7KLVPHDQVWKDWVSHFLPHQKDGQRWLQFXUUHGLQ(XOHUEXFNOLQJDQG
WKHWHVWZDVZHOOFRQGXFWHG

)LJXUH6WUHVV6WUDLQFXUYHVRIVDPSOH$ Figure 6. %Bending - Average Strain curve of sample A0 
179 M.P. Falaschetti et al. /  Procedia Engineering  109 ( 2015 )  171 – 180 
0HDQYDOXHVVKRZDVWURQJGHSHQGHQFHRIFRPSUHVVLYHUHVLGXDOVWUHQJWKWRWKHNLQGRILPSDFWVXIIHUHG7RPDNH
WKDWPRUHXQGHUVWDQGDEOHWKHSHUFHQWDJHYDULDWLRQRIFRPSUHVVLYHUHVLGXDOVWUHQJWKFRPSDUHGZLWKPHDQYDOXHRI
QRWLPSDFWHGVSHFLPHQV V  max MPa LVVXPPDUL]HGLQ7DE

7DEOHResults summary: mean compressive residual strength and % deviation to not impacted group
*URXS ıPHDQ>03D@ '(9
%  
&  
'  
(  

,WLVSRVVLEOHWRQRWLFHWKDWDOOLPSDFWHGVSHFLPHQVVKRZDUHVLGXDOVWUHQJWKORZHUWKDQWKDWRISULVWLQHPDWHULDO
(VSHFLDOO\-QHDUHGJHLPSDFWHGVSHFLPHQVKDYHDFRQVLGHUDEO\ORZHUFRPSUHVVLYHUHVLGXDOVWUHQJWK)XUWKHUPRUH
QHDUHGJHLPSDFWVDUHPRUHLQIOXHQWLDORQUHVLGXDOVWUHQJWKFRPSDUHGWRFHQWUDOLPSDFW
7KHUHIRUHD-QHDUHGJHLPSDFWFUHDWHVDQLQQHUGDPDJHWKDWUHVXOWVLQDQH[WUHPHO\ZHDNHQLQJFRQILJXUDWLRQ
IRUFRPSUHVVLYHPDWHULDOFKDUDFWHULVWLFV:KLOHD-HQHUJ\LPSDFWPRGLILHVPDWHULDOFKDUDFWHULVWLFVLUUHVSHFWLYHRI
ORFDWLRQZKHWKHUQHDUHGJHRUQRW
&RQFOXVLRQV
,QWKHSUHVHQWSDSHUWKHLQIOXHQFHRIGLIIHUHQWLPSDFWHQHUJLHVRQFRPSUHVVLYHUHVLGXDOVWUHQJWKRIFDUERQHSR[\
ODPLQDWHZDVH[DPLQHG
,PSDFWWHVWVZHUHSHUIRUPHGZLWKDPRGLILHG&KDUS\SHQGXOXPLQIRXUGLIIHUHQWFRQGLWLRQV7KHQ&$,WHVWVZHUH
FRQGXFWHG ZLWK D &/& 7HVW IL[WXUH 6L[ SULVWLQH VSHFLPHQV ZHUH WHVWHG ZLWK &/& WHVW IL[WXUH DV ZHOO WKHLU
FRPSUHVVLYHUHVLGXDOVWUHQJWKZDVWDNHQDVEDVHOLQHWRFRPSDUHRWKHUUHVXOWV
,WZDVQRWLFHGWKDWDORZHQHUJ\LPSDFWFDQUHVXOWLQDZHDNHQLQJLQQHUGDPDJHHYHQLILPSDFWORFDWLRQLVKDUGO\
GHWHFWDEOH%9,',QSDUWLFXODU-HQHUJ\VKRZHGDQLQIOXHQFHRQFRPSUHVVLYHUHVLGXDOVWUHQJWKLQGHSHQGHQWIURP
LPSDFW ORFDWLRQQHDUHGJHRUFHQWUDOZKLOH-HQHUJ\UHYHDOHG WREHD WKUHVKROGYDOXHD-QHDUHGJH LPSDFWHG
VSHFLPHQKDVDUHGXFWLRQRIFRPSUHVVLYHUHVLGXDOVWUHQJWKHTXDOWRGRXEOHRIWKDWRIRQHLPSDFWHGFHQWUDOO\DWWKH
VDPHHQHUJ\
8OWLPDWHO\ LW ZDV GHPRQVWUDWHG WKH LPSRUWDQFH RI XQGHUVWDQGLQJ FRPSRVLWHV¶ EHKDYLRXU DIWHU D ORZ HQHUJ\
LPSDFW
$FNQRZOHGJHPHQWV
6SHFLDOWKDQNVJRWR)DHQ]D5HVHDUFK/DERUDWRULHVRI(1($±)DHQ]D7HFKQLFDO8QLWIRU0DWHULDOV7HFKQRORJLHV
8770$7)8QLYHUVLW\RI%RORJQDµ6FKRRORI(QJLQHHULQJDQGDUFKLWHFWXUH¶
5HIHUHQFHV
>@ 0,/+'%.) ± &RPSRVLWH 0DWHULDOV +DQGERRN 9ROXPH  3RO\PHU 0DWUL[ &RPSRVLWHV *XLGHOLQHV IRU
&KDUDFWHUL]DWLRQRI6WUXFWXUDO0DWHULDOV
>@ 0&DORPILUHVFX++LFNHWKLHU'DPDJHWROHUDQFHRIFRPSRVLWHVWUXFWXUHVLQDLUFUDIWLQGXVWU\($'6'HIHQFHDQG6HFXULW\

>@ 6HUJH$EUDWH,PSDFWRQFRPSRVLWHVWUXFWXUH&DPEULGJH8QLYHUVLW\3UHVV
>@ $670''06WDQGDUG7HVW0HWKRGIRU0HDVXULQJWKH'DPDJH5HVLVWDQFHRID)LEHU5HLQIRUFHG3RO\PHU
0DWUL[&RPSRVLWHWRD'URS:HLJKW,PSDFW(YHQW
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>@ &%UHHQ)*XLOG03DYLHU,PSDFW'DPDJHWR7KLFN&DUERQ5HLQIRUFHG3ODVWLF&RPSRVLWH/DPLQDWHV-0DWHU6FL

>@ $75KHDG'0DUFKDQW5%XWOHU&RPSUHVVLYH6WUHQJWKRI&RPSRVLWH/DPLQDWHVIROORZLQJ)UHH(GJH,PSDFW&RPSRVLWH
3DUW$
>@ 18GD.2QR..XQRR&RPSUHVVLRQ)DWLJXH)DLOXUHRI&)53/DPLQDWHVZLWK,PSDFW'DPDJH&RPSRVLWH6FLHQFHDQG
7HFKQRORJ\
>@ $0DOKRWUD)-*XLOG0-3DYLHU(GJH,PSDFWWR&RPSRVLWH/DPLQDWHV([SHULPHQWVDQG6LPXODWLRQV-0DWHU6FL

>@ $0DOKRWUD)-*XLOG,PSDFW'DPDJHWR&RPSRVLWH/DPLQDWHV(IIHFWRI,PSDFW/RFDWLRQ
>@ '*KHOOL9&DQWDULQL(7URLDQL,QIOXHQFHRI7KHUPDOF\FOLQJRQWKHORZYHORFLW\LPSDFWUHVSRQVHRI&5)3ODPLQDWHV
(&&0(XURSHDQ&RQIHUHQFHRQ&RPSRVLWH0DWHULDOV6HYLOOH6SDLQ
>@ $670''0±6WDQGDUG*XLGH IRU3UHSDUDWLRQRI)ODW&RPSRVLWH3DQHOVZLWK3URFHVVLQJ*XLGHOLQHV IRU
6SHFLPHQ 3UHSDUDWLRQ5HDSSURYHG
>@ $670''0 6WDQGDUG7HVW0HWKRG IRU&RPSUHVVLYH5HVLGXDO6WUHQJWK3URSHUWLHV RI'DPDJHG3RO\PHU
0DWUL[&RPSRVLWH3ODWHV
>@ $670''0 6WDQGDUG7HVW0HWKRG IRU&RPSUHVVLYH3URSHUWLHVRI3RO\PHU0DWUL[&RPSRVLWH0DWHULDOV
8VLQJD&RPELQHG/RDGLQJ&RPSUHVVLRQ&/&7HVW)L[WXUH
>@ 30:HJQHU')$GDPV9HULILFDWLRQ RI WKH&RPELQHG/RDG&RPSUHVVLRQ &/&7HVW0HWKRG'27)$$$5

>@ 06FDIq 0/DEDQWL $&RJOLWRUH *5DLWHUL 5'ODFLF (7URLDQL (%HVVHJKLQL 03)DODVFKHWWL ([SHULPHQWDO
GHWHUPLQDWLRQRIFRPSUHVVLYH VWUHQJWKRIDQXQLGLUHFWLRQDOFRPSRVLWH ODPLQD LQGLUHFWHVWLPDWHE\8VLQJ%DFNRXW)DFWRU
%),*)
>@ 06FDIq*5DLWHUL$%UHQWDUL5'ODFLF(7URLDQL03)DODVFKHWWL(%HVVHJKLQL(VWLPDWHRIFRPSUHVVLYHVWUHQJWKRIDQ
XQLGLUHFWLRQDO FRPSRVLWH ODPLQDXVLQJFURVVSO\DQGDQJOHSO\ ODPLQDWHV)UDWWXUDHG ,QWHJULWj6WUXWWXUDOH 
'2,,*)(6,6
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